Variable angle spectroscopic ellipsometry (VASE) was used for optical property mapping of anodic oxides grown on a wide spread Nb-Ta thin film combinatorial library (Nb content ranging between 8 and 84 at%) with 2 at% resolution. The microstructure of the parent metal alloys was tuned by modifying the library deposition conditions in order to avoid compositionally induced microstructure dissimilarities between the alloys. This allowed an interpretation of the mixed oxides properties based on a single 
Introduction
The continuous search for oxides with improved properties has reached various elds in materials science, chemistry and physics. A special attention has been lately given to Nb and Ta oxides due to their promising capabilities of nanocomposite formation enhancing photocatalytic activities in electrochemical energy production and/or storage applications including highly relevant modern research topics such as CO 2 reduction or water splitting. [1] [2] [3] [4] A vast range of techniques used for oxide formation is available each having advantages and disadvantages depending on the nal desired property.
Ellipsometry represents a useful and convenient approach for characterizing the optical properties of Nb 2 O 5 and Ta 2 O 5 . Such studies conrm that the refractive index and bandgap of Nb 2 O 5 may increase if the annealing temperature reaches 500 C while good stability of their optical properties was demonstrated below 300 and 400 C for Nb 2 O 5 and Ta 2 O 5 , respectively. 5, 6 In the case of Nb 2 O 5 , the electrochromic properties were demonstrated for both amorphous and crystalline lms due to the splitting of Nb-O or Nb 3 -O stretching modes. 7 Even though thin amorphous Nb and Ta oxide lms can be obtained (e.g. using sputtering), electrochemical formation of Nb 2 O 5 and Ta 2 O 5 via anodization of the parent metals is regularly the choice when thin and dense oxides with high dielectric constants and breakdown elds are required. [8] [9] [10] Mixing Nb and Ta in their oxidized form during anodization results in extremely interesting behaviors under UV irradiation.
11 Anodic oxides on most valve metals (e.g. Nb and Ta) are amorphous and their crystallization may affect their nal properties. Field crystallization of Nb-Ta mixed anodic oxides revealed an almost linear dependence between the alloy composition and oxide properties, i.e. oxide formation factor, density and permittivity. 12 In the present study a Nb-Ta thin lm combinatorial library was deposited using co-sputtering. Aer a complete crystallographic and microstructural analysis of the metallic alloys obtained, the library was step-wise anodized at various potentials and the resulting oxide libraries were investigated. Variable angle spectroscopic ellipsometry was used for mapping the optical properties of the oxides as a function of their parent metal composition. Additionally, the oxide thickness inuence on their nal optical properties is discussed.
Experimental details

Thin lm Nb-Ta library deposition
In order to investigate the optical properties of mixed Nb-Ta anodic oxides, a thin lm parent metal compositional spread was deposited using a co-sputtering system (Mantis Deposition Ltd) with a base pressure of 
Anodic oxide formation on Nb-Ta library
Anodic oxide layers were electrochemically grown along the entire Nb-Ta compositional spread. The library was stepwise anodized to allow for the determination of the oxide properties at different thicknesses. All single metal and alloy lms were anodized in a pH 6.0 CH 3 COOH/CH 3 COONa buffer solution in an electrochemical cell designed to allow for controlled sample dipping before applying the anodizing potential. The anodizations were carried out at potentials ranging between 1 and 10 V vs. standard hydrogen electrode (SHE) using a 1287 Solartron electrochemical interface in a three-electrode conguration. For this purpose a Hg/Hg 2 (CH 3 COO) 2 m-reference electrode was fabricated (as described elsewhere) while a Pt mesh was used as the counter electrode. 13, 14 Starting from 0 V vs. SHE, potentiodynamic anodizations with a potential increase rate of 100 mV s À1 were followed by 200 s potentiostatic polarizations at the maximum achieved potential. An additional potentiostatic anodization step was applied as an electrochemical oxide healing process to ensure complete oxide growth. Each sample was dipped in the electrolyte in a stepwise manner (approximately 4 mm each step) in the direction perpendicular to the compositional gradient to allowing for anodic oxide formation along the entire Nb-Ta library during each step. An anodization potential of 10 V vs. SHE was applied during the rst dip step followed by a 1 V potential decrease at each subsequent step. In this way, along the entire Nb-Ta thin lm library sufficiently wide anodic oxide stripes with different thicknesses were formed. Exemplifying images of the setup used and of the resulting anodized stripes are presented as ESI. † Two identical samples from each batch were used in order to obtain oxide stripes with thickness corresponding to 10 different anodic potentials between 1 and 10 V (SHE).
Metallic and oxide thin lms characterization
The microstructure of the Nb-Ta metallic thin lm alloys was investigated prior to anodization using a eld emission Zeiss Gemini 1540 XB SEM with 20 kV acceleration voltage and inlens detection. Compositional mapping of each deposited sample was performed using an EDX analyzer integrated in the SEM system (INCA X-sight, Oxford Instruments). A careful calibration of the EDX-detector was performed prior to each series of measurements using a high purity Co standard (MicroAnalysis Consultants, United Kingdom) and the obtained data were processed using INCA-soware. Crystallographic analysis of the Nb-Ta thin lm combinatorial library was performed using grazing incidence X-ray diffraction (GIXRD) with a Cu-K a source (PANalytical X'pert Pro). To minimize the substrate inuence, the optimized incident angles ranged between 1.1 and 1. 9 .
Aer anodization of the Nb-Ta compositional spread, variable angle spectroscopic ellipsometric (VASE) measurements were carried out on a J. A. Woollam M-2000 DI ellipsometer equipped with a deuterium lamp, a quartz tungsten halogen lamp, a rotating compensator and two spectrographs, which allow for the simultaneous measurement of 700 wavelengths with photon energies ranging between 0.75 and 6.5 eV. Measurements were carried out along the entire anodized NbTa thin lm library with a compositional resolution of 2 at% for the various oxide thicknesses. In order to obtain the complex dielectric function of the studied oxide lms, a simple two-layer model consisting of an oxide layer on top of a metal substrate was applied. As the metal alloys and the pure metals were 300 nm thick they can be assumed as non-transparent. Therefore, the metal lms underneath the oxides were considered as substrates in the model and the borosilicate glass underneath was neglected. For the pure metals, a Kramers-Kronig consistent general B-spline layer represented the metal substrates in the model while the pure oxide lm dielectric functions were described by a single Tauc-Lorentz (TL) oscillator, which has been proven suitable for modeling amorphous semiconducting and dielectric materials. 15, 16 The accuracy of the model was successfully tested for both pure metals and their oxides. In the case of the Nb-Ta alloys, the parent metal was modeled by a Bruggeman effective medium approximation (EMA) using the B-spline t data of the pure metals, which were linearly mixed according to the compositional information obtained from the EDX analysis. This approximation was necessary due to the valve metal character of Nb-Ta alloys, which passivate in air rendering the pure metal surface experimentally inaccessible. The mixed oxide layers were also approximated using a single TL oscillator. This oscillator model calculates the imaginary part of the dielectric function being dependent on the photon energy E as shown in eqn (1) .
The factor A in eqn (1) describes the amplitude of the function, E 0 represents the peak transition energy, B accounts for the peak broadening while E g is the band gap energy. Subsequently, 3 1 is Kramers-Kronig consistently calculated by integrating 3 2 :
where 3 N describes the contribution from high frequencies and P accounts for the Cauchy principal value of the integral. 6 The mean square error function is used as an indicator for the high quality of the model ts in comparison with experimental data.
Results and discussion
The composition of the Nb-Ta thin lm combinatorial library was mapped by EDX immediately aer the sample deposition. This is a necessary step preceding further properties mappings since it provides the spatial distribution of various alloys along the compositional spread. In Fig. 1 the EDX mapping of the investigated library is presented. The three samples forming the library are separated in the gure by vertical dashed lines and the horizontal axis describes the total cumulative length. The composition of each sample varies approximately linearly with the distance suggesting a weak effect of the cosine law (governing the lm thickness spatial distribution) on the composition. This is mainly due to the sputtering geometry used during thin lm deposition. Two regions of overlapping composition of at least 5 at% can be observed at the sample boundaries marked in Fig. 1 . These regions were further used for checking the continuity of the properties. The composition of the Nb-Ta thin lm combinatorial library ranged between Nb-92 at% Ta and Nb-16 at% Ta resulting in a compositional resolution of 0.3 at% mm À1 . This wide range spread of Nb-Ta alloys allows further
investigations (e.g. XRD, ellipsometry, etc.) with good spatial/ compositional resolution. The microstructure of the Nb-Ta thin lm combinatorial library was investigated using SEM, previous to anodic oxides growth and their optical characterization, in order to observe compositionally induced changes. In previous work, a similar library was characterized and signicant changes were observed depending on the Nb-Ta alloy composition. 17 The declared aim to investigate the dielectric properties of the anodic oxides grown on the Nb-Ta parent metal alloys by ellipsometry requires a surface as smooth as possible. Surface roughness increases the complexity of the required optical layer model by the need of additional surface layers and can induce depolarization effects, which are difficult to model. Moreover, since the maximum anodization potential used in this study was only 10 V vs. SHE, the anodic oxide is not expected to decrease the overall roughness due to the Nb and Ta oxide formation factors being below 3 nm V À1 . 10, 18 In an attempt to minimize the roughness variation of the Nb-Ta parent metal alloys, the deposition rates of both elements were drastically decreased when compared to the previous study while the Nb and Ta sources were now placed at 180 .
In Fig. 2 a table of selected SEM images is presented describing the current library under study. The surfaces of pure Nb and Ta lms produced under similar conditions are shown as references. The amount of Nb in at% is given in each image (pure Ta is indicated by 0 at%). Additionally, the microstructure of the areas with overlapping Nb-Ta composition at the edges of the three samples (30 and 60 at% Nb) is presented. The decrease in the deposition rates did not affect the microstructure of the pure metallic thin lms, both Nb and Ta showing grains approximately 30 nm in diameter. If the Nb surface shows one type of surface grain, on Ta two types may be identied. Apart from the round grains forming most of the Ta surface, characteristic pyramidal grains can also be observed. The addition of small amounts of Nb led to surface changes similar to those previously reported. 17 An initially smoother surface may be observed for 10 at% of Nb. Increasing the Nb content resulted in less pronounced microstructural changes along the entire NbTa library. One exception can be observed at the rst overlapping region between the rst two samples (30 at% Nb). Using 33 W for Nb during the library deposition (top row of Fig. 2 ) resulted in the formation of elongated grain clusters at 30 at% Nb (as suggested by the joined grain boundaries), which did not form when using 67 W during the deposition of the second sample (middle row of Fig. 2 ). The reason for this is likely related to the individual power densities used in both cases directly inuencing the thin lm formation. Moreover, the edges of each sample typically suffer from microstructural changes induced by the decreased deposition distance, which locally affects the Nb/Ta atomic ratio. At higher Nb contents, an uneventful transition between the second and third sample was observed (see Fig. 2 , middle and bottom row, respectively). In this case 60 at% Nb produced no observable differences between the microstructures visualized on both samples. At the highest Nb concentration, the microstructure of the Nb-Ta thin lm resembles the surface of the pure Nb lms. Overall, the SEM mapping presented in Fig. 2 reveals very similar surface features along the compositional spread (especially above 30 at% Nb) suggesting that the current Nb-Ta library was suitable for further ellipsometric investigations. For all the analyzed compositions, the grain size average was between 30 and 50 nm, which supports the initial idea of the anodic oxide replicating the parent metal roughness. The previously reported grain elongations and domain formation were successfully avoided here by decreasing the individual deposition rates and maximizing the energy loss per atom.
17 This is due to the chosen geometry, which allows for a head-on collision between the Nb and Ta species.
The crystallography of the Nb-Ta thin lm compositional spread under study was characterized using GIXRD at various positions along the library. In Fig. 3 are presented selected diffractograms corresponding to the alloys and reference Nb and Ta lms previously imaged in Fig. 2 . Pure Nb lms are cubic while pure Ta lms show tetragonal symmetry. The crystallographic evolution along the Nb-Ta thin lm combinatorial library was in agreement with those previously reported.
17
Increasing the amount of Nb in Ta resulted in a tetragonal symmetry of the alloys for compositions containing less than 40 at% Nb. Additionally, the presence of a minority cubic phase may be argued here due to the position of the cubic (220) peak, which was shied by at least 1 when compared to the tetragonal (404) peak. The strong overlapping of the cubic (211) and tetragonal (513) peaks does not help in solving the issue. However, the complete lack of a (513) peak in the diffractogram of tetragonal Ta thin lm may indicate that amounts of Nb as small as 10 at% are enough for triggering a minority cubic phase. This was not observed before and may be a direct result of the decrease in the deposition rate. At higher Nb concentrations the alloys are stabilized in the cubic phase. This is clearly observable in Fig. 3 , where at low Nb contents the tetragonal phase is mainly identied by the presence of the (002) and (413) peaks. The tetragonal multi-peak centered approximately at 38.5 unfortunately coincides with the cubic (110) peak. Analysis of this peak alone may not be conclusive, but its shape clearly suggests tetragonal peaks overlapping below 30 at% Nb while the full transition to the cubic phase resulted in a much sharper peak. Moreover, the presence of the cubic (310) peak (together with a weak (200) peak) above the mentioned compositional threshold reinforces this conclusion in spite of its coincidence with the tetragonal (513) peak. Tuning the microstructure of the Nb-Ta thin lms in the present study did not signicantly affect the expected compositionally induced behavior of individual alloys crystalline properties. Anodic oxides were grown along the entire Nb-Ta thin lm combinatorial library at once by sequentially dipping the samples in the electrolyte while applying anodic potentials up to 10 V vs. SHE. For this purpose potentiodynamic followed by potentiostatic regimes were used. In Fig. 4 a typical series of cyclic voltammograms (CV) is presented as measured for the middle range sample of the Nb-Ta compositional spread. A clear valve metal behavior was shown by the presence of the oxidation current plateaus, which are visible during the potential increase up to each maximum value. The behavior of the CVs with increasing potential is indicated in Fig. 4 by an arrow pointing in the direction of the highest maximum potential. Moreover, the presence of a current overshoot at the beginning of each anodization step is characteristic to valve metals describing the ion hopping and space charge formation before new oxide is formed. 18 For such curves usually the current density is plotted against potential. In the present study this was not possible due to the uncontrolled electrocapillarity effects related to the dipping of the samples in electrolyte during oxide formation. The precise value of the wetted area at each dipping step was difficult to measure precisely. Its increase with the anodization potential was clearly demonstrated by the increase in the oxidation current plateaus with the maximum applied potential. However, an electrochemical interpretation of the CVs with the purpose of mapping the oxide formation factors was inappropriate here (and has been carried out before) since the entire compositional spread was anodized at once. The declared aim of the present study was to controllably grow anodic oxides for further ellipsometric investigations. For this purpose a precise potential control was sufficient. In order to ensure that no ionic species remained trapped in the oxide, a potentiostatic anodization step was applied aer each CV. In the inset of Fig. 4 , a typical curve is presented. A clear exponential decay (tted line) of the current with time indicates the charge removal combined with growth of small additional oxides.
The anodized Nb-Ta combinatorial library was investigated using VASE in order to characterize the optical properties of the various Nb-Ta oxides. For this purpose, the optical data as sequentially measured for different oxide thicknesses formed up to 10 V (SHE) were simultaneously evaluated. In addition, the thickness of the anodic oxides was obtained using the layer model described in the Experimental section. The imaginary part of the dielectric function (3 2 ) describing the electronic excitations in the Nb-Ta oxides (i.e. absorption process) was approximated by tting the VASE data with a single TL oscillator dispersion. A compositional mapping of the TL absorption is presented in Fig. 5 for selected oxide alloys together with the data obtained from anodic oxides grown on the pure metals. Below 2.8 eV all the oxide lms along the entire compositional spread are transparent. The oxides grown on alloys containing more than 30 at% Nb possess an absorption onset (E g ) around 3 eV (410 nm; close to the UV limit of the visible spectrum), which shis for lower Nb concentrations further into the UV region. Above 4 eV (below 300 nm) light absorption can be observed for all analyzed oxides. The absorption maximum of the TL resonance was also shied to higher photon energies upon increasing the Ta concentration. Both the absorption onset as well as the general line shape (broadening) of the TL resonance changed signicantly in the range of 30 to 40 at% Nb. This interesting aspect may be related to the full cubic phase stabilization of the Nb-Ta thin lm alloys. Even though, the formed anodic oxides are expected to be amorphous their behavior is dictated by the properties of their parent metals, which directly affect the anodization process. 19, 20 The mappings of the imaginary part of the dielectric function present peaks located immediately below 30 at% Nb observable at high energies/low wavelengths. This can be related to the transition between the rst and second sample as discussed in the SEM analysis (see Fig. 2 ). The microstructural differences observed in the region of the compositional overlap between these samples contribute only small variations to the measured dielectric properties. However, the distinct trend in the optical properties of the anodized Nb-Ta compositional spread clearly relates to changes in the composition and crystal structure of the parent metal alloy.
Correlating the optically determined thicknesses of the oxide lms with the known anodization potentials allows a direct calculation of the oxide formation factors. In Fig. 6 the compositional mapping of the oxide formation factor is presented for the entire Nb-Ta thin lm combinatorial library. Similar to previous cases, the measurements obtained for the pure oxides were added as references. Additionally, experimental points describing the overlapping compositional regions were added and measurements from each investigated sample are color and shape coded. The optically determined oxide formation factors show a compositional behavior similar to the one electrochemically measured in previous investigations. 17 However, small discrepancies between the optical and electrochemical data may be expected due to the different natures of both methods. Above 35 at% Nb the current data matches extremely well the oxide formation factors measured electrochemically (not shown here), which indicates the viability of the spectroscopic ellipsometry approach. Values ranging between approximately 1.8 and 2.6 nm V À1 were calculated from the VASE data. An exception was found when analyzing the compositional range below 30 at% Nb where the optical data indicate a decrease in the oxide formation factor with increasing Nb content. This may be triggered by the microstructure tuning present in the current study as shown and discussed in Fig. 2 . Additionally, the transition between the rst and second sample of the Nb-Ta library resulted in a discontinuity of the oxide formation factors observable between 25 and 35 at% Nb where the experimental data measured on identical compositions have different values. This may be related to the different parent metal microstructures induced by edge effects as observed during the SEM analysis (see Fig. 2 ). If the optically determined oxide formation factor of pure Ta oxide matches well with the literature values, the pure Nb oxide formation factor was slightly smaller.
18
One of the main goals of VASE was the determination of the optical bandgap of materials. Similar to previous mappings, information was obtained by tting together all optical data corresponding to oxide thicknesses up to 10 V (SHE). This approach was a compromise necessary in order to reduce the tting errors as much as possible. For exemplifying this aspect, part (a) of Fig. 7 shows rst the compositional mappings of the optical bandgap as tted for extreme cases using only thin oxides (2 to 4 V) or only thick ones (8 to 10 V). As expected, larger tting errors were observable for the thin oxides (mainly due to the substrate approximation) while the thick ones resulted in more stabile tted values. The experimental points in Fig. 7 (a) were tted using multi-peak Lorentzian functions for a simple visualization of the trends of the compositionally induced bandgap variations. For low Nb contents below 30 at% where the cubic phase was not yet stable, both tted curves indicate an almost identical behavior. However, for higher Nb amounts the bandgaps of thin and thick anodic oxides show differences of up to 0.4 eV as observed at 60 at% Nb. This may suggest that the composition of the mixed anodic oxides changes with the thickness (for a given Nb/Ta ratio) in spite of the cubic phase stabilization of the parent metal alloys. The latter in-depth compositional changes also explain the strong broadening in the TL absorption shown in Fig. 5 where thin and thick oxide lms were simultaneously evaluated.
The optical bandgaps of the anodic oxides grown along the Nb-Ta thin lm library obtained by tting all available optical data (compare Fig. 5 ) are plotted in Fig. 7(b) . The bandgap values measured on the anodized pure Nb and Ta lms are also presented. Experimental data obtained from each sample are color and shape coded, and the compositionally overlapping regions are visible. The bandgaps measured for the oxides grown on low Nb content alloys had smaller values when compared with the pure Ta oxide. This decrease by approximately 0.2 eV remains almost constant up to 30 at% Nb. At this compositional threshold the anodic oxide bandgap decreases dramatically reaching values below 3 eV. Even though a discontinuity can still be observed between the rst and second sample, the bandgap values indicate clearly a decaying trend upon increasing the Nb content up to 40 at%. Further increasing the Nb concentration in the parent metal alloys did not produce any substantial change with the bandgap having values scattered around 2.9 eV until about 80 at% Nb. At the Nbrich side of the thin lm library, the anodic oxides show an increase in the bandgap values towards the pure Nb oxide value slightly above 3.2 eV. The entire bandgap behavior along the Nb-Ta compositional spread reveals the bandgap tuning possibilities by choosing the right Nb-Ta mixture. Such tuning capabilities were addressed in previous investigations regarding discreet Nb-Ta alloys when a linear dependence between the bandgaps and Nb content was found.
11 This is not the case in the present study in spite of the expectations based on the mixed matter theory. Several detailed studies indicate that for amorphous d-metal oxides an empirical equation may be applied:
where E g is the optical bandgap of the oxide, E am describes the lattice disorder affecting both density of states near the valence and conduction band edges and c M , c O represent the metal or oxygen electronegativities. 23 The use of photoelectrochemistry via Tauc's law for measuring the optical bandgaps of various Nb-Ta anodized thin lms revealed for E am a value of 0.15 eV when the parent metal alloy electronegativity was calculated as a linear combination of pure Nb and Ta electronegativities weighted by their cationic fractions.
11 However, this approach of using the mixed matter theory for the parent alloy electronegativity calculation may be a too rough an approximation in special cases (e.g. thicker oxides) when the in-depth compositional gradients of the oxides must be considered. This idea is supported by many studies of anodic oxides grown on various valve metal libraries, which have shown that the parent metal stoichiometry is almost never preserved at the surface of the resulting mixed anodic oxides and these deviations are usually non-linear.
17,24-27
In an attempt to correlate the current ndings with previously reported results indicating a linear anodic oxide bandgap tuning, from eqn (3) the c M was calculated using the current bandgap values measured by ellipsometry (and plotted in Fig. 7(b) ). Since the previously determined value of E am for NbTa alloys was carried out using a much thinner anodic oxide lm, this lattice distortion induced bandgap perturbation will also be considered here. The E am value obtained for the Nb-Ta alloys was correctly determined before since the mixed matter theory perfectly tted the experimental ndings possibly due to the thinner oxides triggering less pronounced/observable indepth compositional gradients. 11 In Fig. 8 the results are plotted against the composition for the entire analyzed Nb-Ta compositional spread. In addition, the theoretical values of c M calculated using mixed matter theory are also plotted. For this purpose it was considered c Nb ¼ 1.60 and c Ta ¼ 1.50, both with an absolute error in the range of 0.05 as accepted by Pauling.
28 If at Nb contents below the cubic threshold of 30 at% Nb both curves are somehow correlating, above this composition the value of the parent metal electronegativity was much higher than the theoretical value, but still remain in the approximate error range of the Nb value. This difference may be related to the compositional deviation of the anodic oxide when compared to its metallic parent alloy. Literature values are plotted in Fig. 8 describing the behavior of both Nb and Ta in the oxidized state as a function of the parent metal alloy. 17 The right side vertical scale in % describes this relative deviation. Below 30 at% Nb a surface enrichment of Nb of up to 40% (together with a depletion of Ta) was detected in the anodic oxides. At higher Nb concentrations this situation changes when a surface depletion of Nb (with a complementary Ta enrichment) was observed. A surface enrichment with one species could imply a depletion of that species at the oxide/metal interface for any given Nb/Ta cationic fractions (therefore triggering the mentioned in-depth compositional gradient). This may explain the position of the calculated c M values (based on bandgap experimental points) in Fig. 8 as reported to the theoretic curve. Surface enrichment of Nb will shi the overall c M downwards and towards the c Ta value whereas surface enrichment of Ta will shi the overall c M upwards and towards the c Nb value. The region where both the Nb and Ta oxide compositional deviation curves are crossing each other coincides with the tetragonal to cubic transition composition (around 30 at% Nb) and corresponds to an approximately 0% deviation for both oxides. In this region the c M experimental points are crossing the theoretical line since only here the oxide composition reproduces the composition of the parent metal alloys. Therefore, even though the mixed matter theory is the correct and convenient approach for modeling the c M its use requires special attention if the anodic oxide is thick enough (grown up to 10 V in the present work) for triggering an observable in-depth compositional gradient, which may be safely averaged for thinner oxides.
Conclusions
In the present study, the optical properties of anodic oxides grown on a Nb-Ta thin lm combinatorial library were mapped with high resolution along the compositional gradient using spectroscopic ellipsometry. More than 40 different alloys were analyzed and the results indicate compositionally induced trends. The microstructure of the Nb-Ta alloys was tuned to avoid strong surface dissimilarities between the alloys facilitating the use of a single ellipsometric model along the library based on a single Tauc-Lorentz oscillator. Fitting of the optical data revealed anodic oxide formation factors matching the electrochemical data. A relevant compositional threshold was identied at 30 at% Nb where full stabilization of the cubic metal phase coincides with the oxide stoichiometry preservation (when compared to the parent metal alloys) and was related to several changes in the anodic oxides. Above this threshold the mixed oxides showed absorption close to visible photon energies (due to a decrease in the bandgap of about 0.5 eV) and presented indications that an in-depth compositional gradient may be present. The individual bandgaps of the Nb-Ta mixed oxides were mapped as a function of composition and a nonlinear behavior was identied. The deviation from the linear model predicted by the mixed matter theory when applied for calculating the metal alloys electronegativities was explained by an in-depth compositional gradient in the mixed oxides. Surface enrichment of minority species in their oxidized form triggered a depletion of that species at the metal/oxide interface, which shis the metal alloys electronegativities in a non-linear manner. Compositional tuning of the parent metals revealed the possibility of mixed oxides bandgap tuning. However, before considering such oxides for actual applications the inuence of their thickness on the compositions still needs to be fully understood.
